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(54) PRODUCTION OF POLYPROPYLENE 

(57)Abstract: 

PURPOSE: To obtain the title polymer having excellent 

processing properties and high rigidity without reducing 

catalytic activity by using a polymerization catalyst 

consisting of a solid component comprising Mg, Ti, a 

halogen and an electron donor, an organometallic 

compound and a specific organosilicon compound. 

CONSTITUTION: Propylene is polymerized in a multiple 

stage in the presence of a polymerization catalyst ( R 1 0 ) * s<_ 

consisting of (A) a solid catalyst component comprising 5 j { Q R 1 y 

magnesium, titanium, a halogen and an electron donor as £ f 

essential components, (B) an organometallic compound 

and (C) an organosilicon compound shown by the 

formula (R1 is 3-1 0C aliphatic or alicyclic hydrocarbon; 

R2 is 1-1 0C aliphatic or alicyclic hydrocarbon, etc.; R3 is 

methyl or ethyl; x is 1 or 2; y is 0 or 1 ; z is 2-3; x+y+z=4) 

in such a way that melt flow rates of polypropylene 

component formed at each stage are 0.0001 g/10 

minutes-10g/10 minutes at a stage of forming the 

highest molecular weight component and 10g/10 

minutes-1,000g/10 minutes at a stage of forming the lowest molecular weight component and 
the melt flow rates of the polymer formed at each stage are different to give the objective 
polymer. 
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7^5--)A>?7<W h\ <vy^7J^Z^A 
^ D U h7 < {^t>'7 ^^7JKZ«)AyA7'f 
x^jurjU^x^A-ti^+^a'J Kte<£:<37;i^;u 
7^5^A-bX*A^H, y>f^7^ = r<^A> 
h*->K. yX^7;^Z^AXK + y h\ v^X^Jl, 

7Ji.5-'>A7i;^yK, i^ofc^urn^x^Ax 

(CtHj) 7 A10Al CC 2 H 3 ), 

<C»H a )»AlNAI <C,IU), 
I 

CiHi 



12 



*h*>F* y^7^7;Ux^AXh4y SM 

v^^riw^x^A7xy^->H^^<o^r;w*;ur 

-f K^-f yXfiP7i^z^AA>f H^-T H, V? 

a tr^rju^xoA/N-f K^-r k» v-r vt/^jutji^ 

X^A/W KftifcDS^TJl^^TJUSX^A/Vf 

tju*x^a^ % ^i:h'jxfji,7;^z^A, hu-f 

V^*7JI^X*Aa*ffl*L^. X. Cn^h'J7Jl 

70 *ji,7;psxr>Att. -ttf>te<z>*r*7;i^x^Aft:S- 

tt. XIKW^A#LSt^v?x^l,T^5X^A 
^□'JK lW7J^z^Ay^DU x^rJW 
^-^AtX + ^P'J t>\ yX^7^i-OAX hlr 

>h\ yxfji7;^xc?AA< K^-r Kxncn^co 

X, »35lfigl^a»^^^LT2«^±(7)r;VSx^ 
Aa**3^L*:W«7/l^ xOAffc^«Jt>ftffi^7r^ 

* [<k3j 

. (C,H f >»A10A!<C,H.), . 



3S£«7*Ti**. 

[003 7j r^^x^A^«^<o^«^w«<k^tt 

tLTIt ->*X^JU-Td/^>/^A. X^n,V^*->^A 

^ a U h\ iy x ^ ;u £ m ^ 0) L i A 1 (C 
t H* > 4 . L I Al (Ci His) « ^^k^«Jd^tf 

io 0 3 si ggaaib^a 

t>T. R» «^*8t3-l 0«C0JIB«»*«U<«IB9I^: 
^S^cDH^^fl:pK35l3iTAr). tticS^L < H7JP 

->^ar;i/*jus. *>^nr;p^rx;ua. ^*d7jmi 

v?XX;PS59c^J!fiai^fk^ST** # R* OcDR« 
«R l <hF]&«-c&*. R J «^^;wa*L<ttx^;i, 

ST**. xtel«L-<te2. yttO*L<ttl, zte 

[0 0 3 9J &T\ ^CCOA^M^^T*. 
EJtTJC43UT. Me»*^Jk Et=xf;k Pr=^ 
□ bTJk Bu = ^f Amy=75Jk Hex 

Oc t— Dec»?yJk CyPe = 
^^a^v>^JW. CyHe=y^o^y;k CyPy SO 



= y^D^>fz;k CyP t = O'O^z/XX 
CyHy^^^o^^-fexjUS^-tn-etl^-r. ft: 
43, «Tcom^««. Hfl82-«5£tC*itr>T* R J *<*^ 

Lfc. -ttiSJMfcWcoR* co^^^S*x^;uSlc^A 

[0 0 4 0] O <R l O) 2 Si (OR* ) t <D<t£& 
(n-P r O) i Si (OMe)i. <i-PrO)» 
S i (OM e) 2 , ( t — B u O) 2 Si (O M 
e) 2 . (s-BuO) i S i (OMe) 2 , (n-B 
uO) 2 Si (OMe) t . ( i - BuO) 2 S i (O 
Me) 2 . (t -AmyO) 2 S i (OMe) 2 . (n 
-AmyO) 2 Si (OMe) 1. (n-HexO)* 
S i (OMe) 2 . (n-Oc t O) 2 S i (OMe) 
2 . (n-De c O) 2 S i (OMe) 7 , (C y P e 
O) t S i (OMe) 2 . (CyHeO) j S I (OM 
e) z . (CyPyO) 2 S i (OMe) 2 , (CyP 
tO) 2 S i (OMe) » , (CyHyO) 2 S i (O 
Me) , . 

O (R l O) (R* O) S i (OR' ) » cOffc^l* 
(i-PrO) (n-BuO) S i (OMe) 2 . (n 
-PrO) ( t — BuO) Si (OMe) 2 . ( t -B 
uO) (n — BuO) S i (OMe) 2 . (s-Bu 
O) (I— BuO) S 1 (OMe) 2 , (t-Amy 
O) (n - P r O) S i (OM e) 2 , (n - Amy 
O) (I-PrO) SI (OMe) 2 , (n-BuO) 
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(t-AmyO) S i (OMe) , , (s-BuO) 
( s - Amy O) S i (OM e) a . ( i - B u O) 
(n-AmyO) S i (OMe) a , (t-AmyO) 
(n-AmyO) S t (OMe) a . (t-AmyO) 
(n-HexO) S i (OMe) * . (C y P e O) 
(n-PrO) Si (OMe) * . (Cy PeO) (1 
-PrO) Si (OMe) a . (CyPeO) (n-B 
uO) S i (OMe)*, (CyPeO) (l-Bu 
O) S I (OMe) a . (CyPeO) (s-BuO) 
S i (OMe) a , (C y P e O) (t-BuO) Si 10 
(OMe) a. (CyPeO) (n-AmyO)Si 
(OMe) z , (C y P e O) ( t - Amy O) S i 
(OMe) } , (CyPeO) (n - H e x O) S i 
(OMe) i , (CyPeO) (n-OctO) Si 
(OMe) a . (CyHeO) (n-PrO) Si (O 
Me) 2 , (CyHeO) ( i - P r O) S i (OM 
e) x . (CyHeO) (n-BuO) S I (OMe) 
2 p (CyHeO) ( i - B u O) S i (OMe) a . 
(CyHeO) (s-BuO) S i (OMe) * , (C 
yHeO) (t-BuO)Si (OMe)*, (CyH 2D 
eO) (n-AmyO) S i (OMe) * . (CyHe 
O) (t-AmyO) S i (OMe) a . (CyHe 
O) (n-HexO) S i (OMe) a . (CyHe 
O) (n~OctO) Si (OMe) a . (C y P y 
O) (n-PrO) Si (OMe) a . (Cy PyO) 
(1-PrO) Si (OMe): , (Cy PyO) (n 
-BuO) Si (OMe) i , (CyPyO) (I - B 
uO) Si (OMe): , (CyPyO) (s-Bu 
O) SI (OMe)a . (CyPyO) (t-BuO) 
S I (OMe) a . (CyPyO) (n-AmyO) S 30 
1 (OMe) a, (CyPyO) (t-AmyO) Si 
(OMe) a . (CyPyO) (n-HexO)Si 
(OMe) i . (C y P y O) ( n — O c t O) S I 
(OMe) a . (C y P t O) (n-PrO) Si (O 
M e) a . (C y P t O) (t-PrO) Si (OM 
e) a , (Cy P t O) (n - BuO) S i (OMe) 
a . (Cy PyO) (i - BuO) S I (OMe) a . 
(Cy P t O) (s - BuO) S i (OMe) a • (C 
y P tO) ( t - BuO) S i (OMe) a . (C y P 
tO) (n-AmyO) S i (OMe) a . (C y P t 40 
O) (t-AmyO) S i (OMe) a . (C y P t 
O) (n -H e x O) S i (OMe) a . (CyPt 
O) (n -O c t O) S i (OM e) a . (CyHy 
O) (n»PrO) Si (OMe) a . (CyHyO) 
(i-PrO) Si (OMe) » . (CyHyO) (n 
-BuO) S I (OMe) a . (CyHyO) (l-B 
uO) SI (OMe)* . (CyHyO) (s-Bu 
O) S i (OMe) a , (CyHyO) (f-BuO) 
S i (OMe) a . (CyHyO) (n-AmyO) S 
i (OMe) a . (CyHyO) (t-AmyO) SI 50 
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(OMe) a . (CyHyO) (n-HexO) S i 
(OMe) a , (CyHyO) (n-Oc t) S 1 (O 
Me) a • 

(0 0 4 1] O (R l O) R* Si (OR 1 ) ! ftita 

to 

(i-PrO) MeSi (OMe) * , ( i - P r O) 
n-PrSi (OMe)a , (n-PrO) t - Amy 
SI (OMe) a. (i-PrO) n-HexSt (O 
Me) a . (n-BuO) MeS i (OMe) a . (t 
-BuO) Me S i (OMe) * . (s - BuO) £ t 
S i (OMe) a. (1-BuO) i-PrSi (OM 
e) 2 , (t-BuO) t-BuSi (OMe) a, 

(n-BuO) s-BuSl (OMe) a . (t-Bu 
O) n-AmyS i (OMe) a , (n-AmyO) i 
-PrSi (OMe) a, (t-AmyO) t-BuS 
I (OMe) a • (t-AmyO) t-AmySi (O 
Me) a, (t-AmyO) MeSi (OMe) a. 

(n-AmyO) EtS i (OMe) a , (n-Hex 
O) MeSi (OMe)*, (n-HexO)EtSl 

(OMe) a, (n-HexO) i-PrSi (OM 
e) a , (n-HexO) t-BuSi (OMe) a, 

(n-Hex O) n-HexSi (OMe) a . (n - 
HexO) n-Oc tS i (OMe) a , (n-Oct 
O) MeSi (OMe) a. (n-OctO)n-Oc 
tSi (OMe)i . (i-PrO) CyPeSi (O 
Me)a , (n-PrO) CyPeSi (OMe)a . 

(n-BuO) CyPeSi (OMe) a . (i - Bu 
O) CyPeS t (OMe) a . (s-BuO) CyP 
eSi (OMe) t . (t-BuO) CyPeSi (O 
Me) a, (n-AmyO) CyPeSi (OM 
e ) a , ( t - Am yO) CyPeS I (OMe) a , 

(n -He x O) C y P e S i (OMe)a, (n-O 
ct) CyPeSi (OMe) t . ( i - P r O) C y 
HeSi (OMe) a. (n-PrO) CyHeSl 

(OMe) a . (n-BuO) CyHeSl (OMe) 
a, (i-BuO)CyHeSi(OMe)a, (s- 
BuO) CyHeSl (OMe) a , ( t - B u O) C 
yHeS i (OMe) a . (n-AmyO) CyHeS 
i (OMe) a . (t-AmyO) CyHeSi (OM 
e) a . (n-Hex O) CyHeSi (OMe)* , 

(n-Oc t) CyHeSi (OMe) * , (n-Pr 
O) CyPySl (OMe) a , (i-PrO)CyP 
ySi (OMe) a , (n-BuO) CyPySl (O 
Me) a, (i-BuO)CyPySi (OMe) a , 

(s-BuO) CyPySl (OMe)*, (t-Bu 
O) CyPyS i (OMe) a . (n-AmyO) Cy 
PySl (OMe) a . (t-AmyO) CyPySl 

(OMe) a , (n-HexO) CyPySl (OM 
e)a. (n-Oc t) CyPySl (OMe) a, 

(n-PrO) CyPtSl (OMe) a , (i -P r 



— sn — 



IS 

O) CyPtSI (OMe)i , (n-BuO)CyP 
tSi (OMe) t. (i-BuO) CyPtSI (O 
Me)*. (s-BuO) CyPtSI (OMe): , 
(t-BuO) CyPtSi (OMe) * . (n-Am 
yO) CyPtSI (OMe) 2 . (t-AmyO)C 
yPtSl (OMe) i , (n - H e x O) C y P t S 
i (OMe) 2 . (n-Oct) CyPtSi (OM 
e)i . n-PrO) CyHySi (OMe) * . ( i 
-PrO) CyHySl (OMe) 2. (n-BuO) 
CyHySi (OMe) 2 . (i-PrO) CyHyS 
I (OMe) 1. (s-BuO) CyHySi (OM 
e ) * . (t-BuO) CyHySi (OMe) 2 . 
(n-AmyO) CyHySi (OMe) 2. (t-A 
myO) CyHyS 1 (OMe) 2 . (n-HexO) 
CyHySi (OMe)*. (n-OctO) CyHy 
S i (OMe) 2 . (C y P e O) Me S I (OMe) 
2 . (Cy PeO) E t S 1 (OMe) 2 . (C y P e 
O) n-PrSi (OMe)*. (CyPeO) i-P 
r S i (OMe) * . (C y P e O) n — B u S I (O 
Me)*. (CyPeO) I-BuSI (OMe)*. 

(CyPeO) s-BuSi (OMe) * . (C y P e 
O) t-BuS i (OMe) 2 . (C y P e O) n-A 
mySi (OMe)*, (CyPeO) t-AmySl 
(OM e) * . (CyPeO) n-HexSi (OM 
e)2 , (CyPeO) n-OctSi (OMe) * . 
(CyHeO) MeSi (OMe) 2, (CyHeO) 
EtSi(OMe)*, (CyHeO) n-PrSi 
(OMe)*. (CyHeO) i-PrSl (OMe) 
2. (CyHeO) n-BuSi (OMe)i , (Cy 
HeO) i - BuS i (OMe) * . (CyHeO) s 
-BuSl (OMe) 2 . (CyHeO) t-BuSi 
(OMe) * . (CyHeO) n-AmyS i (OM 
e ) 2 . (C y He O) t - Amy S i (OMe) 2 . 
(CyHeO) n-HexSt (OMe) 2 , (C y H 
eO) n-OctSi (OMe) 2 . (CyPyO) M 
e S i (OMe) » , (C y P y O) E t S I (O M 
e)s . (CyPyO) n-PrSi (OMe)* . 
(CyPyO) i-PrSi (OMe)*. (CyPy 
O) n - B u S I (OMe) * . (C y P y O) I — B 
uSi (OMe) * . (CyPyO) s-BuSi (O 
Me) * . (CyPyO) t-BuSi (OMe) 2 . 
(C y P y O) n - Amy S i (OMe) * . (C y P 
yO) t-AmyS i (OMe) 2 . (CyPyO) n 
-He xS i (OMe) 2. (CyPyO)n-Oct 
S i (OMe) 2 . (Cy P t O) Me S i (OMe) 
* . (C y P t O) E t S I (OMe) 2 . (C y P t 
O) n-PrSi (OMe) 2 . (C y P t O) i - P 
r S i (OMe) 2 . (CyPtO) n-BuSi (O 
Me)2. (CyPtO) i-BuSi (OMe) 2 . 
(CyPtO) s-BuSI (OMe) * . (Cy P t 
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O) t - BuS I (OMe) 1 , (CyPtO)n-A 
my S i (OMe) * . (C y P t O) t - Amy S i 

(OMe),. (CyPtO) n-HexSi (OM 
e),. (CyPtO)n-OctSl (OMe) * . 

(CyHyO) MeSi (OMe)*. (CyHyO) 
EtSi (OMe)j , (CyHyO) n-PrSi 

(OMe) 2 . (CyHyO) 1-PrSi (OMe) 
2. (CyHyO) n-BuSi (OMe) 1 . (C y 
HyO) I —BuS i (OMe) , . (Cy Hy O) s 
10 -BuSl (OMe)*. (CyHyO) t-BuSi 

(OMe) 2 . (CyHyO) n-AmyS I (OM 
e) 2 . (CyHyO) t-AmySi (OMe) 2 . 

(CyHyO) n-HexSi (OMe) 2 . (CyH 
yO) n-OctSi (OMe) , . (CyPeO)C 
yPeSi (OMe) 2 . (CyPeO) CyHeSi 

(OMe) 2 , (CyPeO) CyPyS I (OMe) 
2. (CyPeO) CyPtSi (OMe) * . (Cy 
PeO) CyHySi (OMe),. (CyHeO) C 
yPeSi (OMe)*. (C y H e O) C y H e S i 
20 (OMe) *. (CyHeO) CyPySi (OMe) 
* . (Cy He O) C y P t S i (OMe) * . (C y 
HeO) CyHyS i (OMe) 2 . (C y P y O) C 
yPeSi (OMe) z . (C y P y O) C y H e S i 

(OMe) * , (CyPyO) CyPyS I (OMe) 
(Cy PyO) Cy P t S i (OMe),. (C y 
PyO) CyHyS i (OMe) * . (C y P t O) C 
yPeSi (OMe)*. (C y P t O) C y H e S i 

(OMe) 2 , (CyP t O) CyPyS i (OMe) 
2 . (C y P t O) C y P t S i (OMe) * . (C y 
30 PtO) CyHySi (OMe)*. (CyHyO) C 
yPeSi (OMe)*. (C y H y O) C y H e S i 

(OMe) 2 . (CyHyO) CyPyS i (OMe) 
2. (CyHyO) CyPtSI (OMe) 2 . (C y 
HyO) CyHyS i (OMe) * . 
[0 0 4 2] O (R 1 O) Si (OR J ) * (Dit&Vl 
(i-PrO) Si (OMe) * . (n-BuO) Si 
(OMe) 3 . (s-BuO) S i (OMe) 3 . (i 
-BuO) Si (OMe) * . (t-BuO) Si (O 
Me), , ( t - Amy O) S I (OMe) * . (n - 
40 AmyO) Si (OMe)* . (n-HexO) Si 
(OMe) * . (n-Oc t O) S I (OMe) * . 
(n-DecO) Si (OMe) ! , (CyPeO)S 
i (OMe) j , (C y He O) S I (OMe) , . 
(Cy Py O) SI (OMe) * . (C y P t O) S i 
(OMe) y . (CyHyO) S i (OMe) 3 ♦ 

10043] *fi^co*uifa, *£#A. ^Bam 

m&L<\*2 0 -5 0 o*f=>u*i)\, % fta»ca<j£&B i 
so ^;wc**lto. ooi-iot;k a*i<«o. 0 
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[0 0 4 4) :/ogu><p^&a«^ 

«rpt^h^a — U— h (MFR) £R«<i:LT, 0. 0 
001g/10»-10g/10 a^u<« 
0. 001-5g/10», «t>®^»OfiS»«r^ 

Og/lO»-1000g/10». S*U<tt50- 
S 0 Og/1 0»roaitf4Cd:W5T*i. 

[0045] n&&ftiz* »ffla)i>rnTt>5k 

Tff^ct^-c^*. a&astt. ia*-8ot:-+i 
sot:, ffsi<«40-i2 oic<7>»k-cj5*. 
lE^tt, i-6 oaET£^ &s»tc*3tt*a 

[0 0 4 6J *9»B^«, S^ttM. #LJ:/aeu> 

X^U>*> 1 -^>. 4 -*^ffc- 1 -"<>^>* 1 

(0 0 4 7J ^^UTPI^ n>^#u^otfu> 

tt, jftttl-7 OOg/1 0^05MFR«:#-r*^ -e 

<t>mfr£5-4 oog/i o#tc-r<5a>a*#£L< 

«U 1 0-2 0 0 g/1 0»m^Cff*L^. 
[0 0 4 8] 

m-r*. wc*i**/t— t>h (*o buck* 

BHT (2. 6 -S** — S^^U— ^JU- 4 



(10) 4-370103 

-^^7i/-^) £0. 18Si^, DSTDP 
(y^f'JZWt^am-h) £0. 0 811 
IRGANOX1010 (tK5 + X- f*^U> 
- (3. 5-y^-v/t'J-^-4-kHD*/t 
KD-»t^-N ) £0. 0 411%. * 

K»M-€r^6SLTfTO>i, ffitf^tt* : J I S K 7 
203-1982 X. #'J7-<Z)MFRHAS 

10 TM D- 1 2 3 8^Tfll£tfc. 
[004 9J 

S%. iftSn&l. 6nn) 8. 3 g&t/n -^IfV 2 

5 0ilUn, 6 8tTlSW»l«m &*^*>"> 

ttffcL/i&*^^*->^A£»fc. zfclz, C^«7^ 
^v-C^AtC. n-^f;i/X-f;H4 0nlSr;n-^ 
20 )\,-?lf*isO 2**7 n U K<On - :/^;Ux — x JUiSfc 
(1. 7 5^/1) £0. 5mlft]pt/t«»«lt«:5 St: 
*C#^ SEICn -^;UX-^;U5 o*uzn-7*-JV* 
07-TH38. Sol*&»L^£tt*5 0#fflTi*TL 
«*T7 Ot:T4IJ*ffl£j££fro*:&, J5lS?S£2 
S^lcG^L;*. :fcUT, :a)g(f«CHC (OC« H 
s ) , 5 5. 7ol£l PMnTSrFL^ aTF**7». 

6 OT:T 1 5$*mEfS£frtttK Efc£jiSH#«: n 
**>*3 0 0DlT6[sllfci*U ^©T 1 ^fS1«EE«:» 
I, 7n->-?A*19. 0%. fi3K«r2 8. 9%*£ 

30 tr^*>"?A^*rB<*3 1. 6g*[eUXUfc. 

«^«&t;»Ta-K^ft^3 0 0Bia>g(5 
a»^X»IST7^y^tB»6. 3 
gfttfn-^:/*>5 ODl«rXtl««»i:b. SflTft 
*£Lfra*6 2. 2. 2-KU^D;H^y-JI/20il 
(0. 0 2 5'Jt;W in-^>l liKOS^^ 
4iTa-h^6 3 OttfflTiirFU 5E^8 0r-ClR> 

>S10 ObIT 4 SifcfrU 3g£ h^X>& 1 0 OalT 
2 l«]ifc»LTe{*fi£# i:l20ffl^»lcK^X 
40 >4 0il*HDA. 3eJCB3^{k^^>/h;Ux><7)fttttt: 
*t3/2^/5:^<t^CBg«[ft:^^>«:«I^T9 ot:^# 
iai^ «#T. 7^;Ht^n-^;U2ml<i: h;UX> 
5Bl<7)rg^lSf««:5^WT , SITL^», 120tT2IQ 
fBTflll^L/!:, ^6*fcH<«K4&**9 0rT*Jg«jU h 
;PX>&1 0 OnlT2®. 9 OlCTifefrL*:. JEtC. 9r 

e/tcia^{t^^>/' Mux><&{fcHUta*3/2fc:fc'& 

^^ICE^f-^V^lHI^ 1 2 0rT2^f31«^LL 

fc. nen^a^K^ i lotT^iL, sac75»i 

0 OalCOn -^*-^>tCT 7 Eft^UT^A 5. 5g 

50 
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[0 0 5 0] ^aei/>(Ql^ 

Lfc 5 U v MKD*- h^U-^fC, $ 

1 U ICO. 2^riKOh'JX5 1 ^7;PS — 

■?A£St*i8«6al, fttfn -^9 > 1 'J »y MP*tC 
0. 0 4 t iK^y -f V y '/ v7 h * y y 7 > $ S 

^i^«^^-h^u-yj*iaia^*7 ox:izmm 

-$®0ltlU MFR 14. 3g/10WJ7- 
5 8 4. 4g^6n^ ft*, »1S1^7^j:»« 



5? 



10 



*^Ottf>^«^C0^U^ — li 2 0. 1 g"C& 
0. tOMFRfiO. 2 ff/ 1 0#"C&^£:. 

^-cDft^w^ffvv sisa^is 2 

comfrii » la^s^wic^^n/t^u^-cD^s 
cDMFRStfss ia<t3i 2®om^att^^eiicaiL. 

[0 0 5 1] ^ffiW2-5, ttll^gq 1—3 

u tn^a)^^ i ic^u^, 

[SI] 
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as 
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